ASK1 activity is reportedly regulated through protein-protein interactions, is stimulated by tumor necrosis factor receptor-associated factor, http://www.jbc.org/cgi
Smad7, and is localized in both the cytoplasm and nucleus (19, 20) . STRAP reportedly acts as an activator of 3-phosphoinositide-dependent protein kinase-1 (PDK1) by dissociating 14-3-3, a negative regulator of PDK1, from the PDK1-14-3-3 complex. (21) . STRAP also contributes to tumor progression by blocking TGF-β-mediated signaling, especially in colon and lung carcinomas, indicating the possible involvement of STRAP in tumorigenesis (20, 22) . STRAP can also interact directly with p53 and stimulate p53-mediated signaling, implying that STRAP may function as a tumor suppressor in cells (23) .
In the present study, we found that STRAP, an ASK1-interacting partner, may play an important role in the regulation of the ASK1-mediated signaling pathway, in which it acts as a negative regulator of ASK1 activity by stabilizing complex formation between ASK1
and Trx or 14-3-3. We also demonstrated that 
Materials and Methods

Antibodies and Plasmids
Anti-FLAG (M2), anti-His, anti-hemagglutinin STRAP(KD) cells were screened in the presence of 1.5 μg/ml puromycin until all control parental HCT116 cells died, as described previously (11) .
The presence of endogenous and exogenous STRAP proteins was confirmed by immunoblot analysis.
Construction of an Inducible STRAP shRNA
Cell Line⎯An inducible STRAP shRNA HEK293 cell line was generated using the following oligonucleotides as described previously (26) . 
Construction of STRAP and ASK1-C
Mutants⎯STRAP mutants were generated by PCR as described previously (11) . In brief, wildtype STRAP was used as the template for amplification with either the STRAP forward T3 
In Vivo and In Vitro Binding Assays⎯In vivo
binding assays were performed as previously described using HEK293, NIH 3T3, or HeLa cells transiently transfected with the indicated expression vectors (11, (23) (24) (25) . To determine the direct interaction between ASK1 and STRAP, GST pull-down assay was also performed using recombinant ASK1 and STRAP proteins as described (27 To test whether STRAP is physically associated with ASK1 in cells, we performed cotransfection experiments using GST-STRAP and FLAG-ASK1. ASK1 was detected in the GST precipitate only when coexpressed with GST-STRAP, but not with control GST alone, demonstrating that STRAP physically interacts with ASK1 (Fig. 1B, left) . We also analyzed the direct association of purified, recombinant ASK1 with STRAP using GST pull-down assay. We also confirmed the effect of the cysteine residues of ASK1-C on the association between ASK1 and STRAP using non-denaturing PAGE.
Consistently, a shift in the mobility of This was also confirmed by cotransfection experiments (Fig. 3D, left) and by nondenaturing PAGE analysis with recombinant ASK1 and wild-type and mutant forms of STRAP proteins (Fig. 3D, right) and STRAP proteins, we also confirmed that STRAP inhibited ASK1 kinase activity in a dose-dependent manner (Supplemental Fig. S3 ).
To examine whether the direct binding property of STRAP plays a key role in the negative regulation of ASK1 kinase activity, we analyzed the effect of the C152S/C270S mutant, which was unable to bind with ASK1 (see Fig.   3D ), on ASK1 kinase activity using an in vitro kinase assay. Coexpression of C152S/C270S had no effect on ASK1 kinase activity compared to control expressing ASK1 alone (Fig. 4B, 1st lane vs. 3rd lane), suggesting a critical role for the direct interaction between ASK1 and STRAP in the regulation of ASK1 kinase activity. As a control, the levels of immunoprecipitated ASK1 proteins were analyzed and similar expression levels were found for the ASK1 construct ( Fig. 4A and B, 3rd panels), indicating that the observed differences in phosphorylated MKK6(K82A)
were not due to differences in ASK1 expression levels of HA immunoprecipitates. The STRAPmediated inhibition of ASK1 kinase activity was also confirmed by immunoblot analysis using an (Fig. 6C, upper panels) . These effects were also confirmed by immunoblot analysis using anti-phospho-specific antibodies for ASK1 Thr 845 , MKK3/6, p38, and ATF2 ( Fig. 6B and C, lower panels). Together, these results suggest that STRAP phosphorylation at Thr (Fig. 7A, left panel) .
However, the C152S/C270S and T175A/S179A mutants had no effect on the association between ASK1 and Trx, consistent with the above result (Fig. 6A ). This indicates that the direct interaction and phosphorylation between Fig. 7A and B, right panels).
Since ASK1 was previously shown to form activity by inhibiting ASK1-MKK3 complex formation and ASK1 homo-oligomerization ( Fig.   7C and D) . In contrast, the C152S/C270S and T175A/S179A mutants had no effect on these associations.
STRAP Suppresses ASK1-dependent AP-1
Transcriptional Activity⎯To investigate whether STRAP influences downstream gene transcriptional events, we examined the transcription factor AP-1 activated by JNK and p38 kinases using a luciferase reporter assay.
Wild-type STRAP significantly decreased ASK1-dependent AP-1 transcriptional activity in a dose-dependent manner, while C152S/C270S and T175A/S179A mutants had no effect (Fig. 8A ), again suggesting a critical role of direct interaction and phosphorylation between ASK1 and STRAP in the regulation of ASK1-mediated transactivation.
We also confirmed the effect of STRAP on ASK1-dependent AP-1 transcriptional activity using a STRAP knockdown system.
Transfection of STRAP-specific siRNA significantly increased AP-1 transcriptional activity in a dose-dependent manner (Fig. 8A, 
8th lane vs. 11th and 12th lanes).
To examine whether the STRAP-mediated suppression of AP-1 transcriptional activity was associated with JNK inactivation, we performed in vitro kinase assays using c-Jun as a substrate.
As expected, ASK1-mediated JNK activation was markedly decreased by wild-type STRAP in a dose-dependent manner, while the C152S/C270S and T175A/S179A mutants had no effect on JNK activity (Fig. 8B, left) (Fig. 9A, 3rd panels) .
Consistently, expression of C152S/C270S and T175A/S179A mutants had phosphorylation increased compared to control parental HCT116 cells (Fig. 9B, left) .
Consistently, a similar result was obtained in the STRAP knockdown system via STRAP-specific siRNA (Fig. 9B, middle) 
DISCUSSION
In the present study, we investigated the regulatory mechanism of ASK1 activity and in ASK1 activity regulation, we also analyzed the effect of the T175A/S179A mutant on ASK1
kinase activity using an in vitro kinase assay.
Coexpression of the T175A/S179A mutant, like the C152S/C270S mutant, had no effect on ASK1 kinase activity (Supplemental Fig. S4 , re., recombinant. 
